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Background: With the aging of the population, the number of elderly patients with gastric cancer is
anticipated to increase. This study evaluated the feasibility of gastrectomy for patients over 85 years old.
Methods: A total of 176 patients who underwent gastrectomy for gastric cancer were assigned into two
groups: 75e84 years group (n ¼ 152); and 85 years group (n ¼ 24). Preoperative comorbidities,
operative results, and postoperative outcomes were retrospectively analyzed.
Results: In terms of concurrent illness, no signiﬁcant differences were observed between groups. Pre-
operative lymphocyte (Lym) count, hemoglobin (Hb) level and serum albumin (Alb) levels were signif-
icantly lower in the 85 years group than in the 75e84 years group (Lym: 11.0  2.2  102/mm3 vs.
14.9  3.2  102/mm3, P ¼ 0.0009; Hb: 11.2  2.3 mg/dl vs. 12.4  1.5 mg/dl, P ¼ 0.038; Alb: 3.5  0.5 mg/
dl vs. 4.1  0.3 mg/dl, P ¼ 0.0006, respectively). Percent vital capacity was likewise lower in the 85
years group than in the 75e84 years group (86.2  11.4% vs. 96.1  12.2%, P ¼ 0.04). Percentage forced
expiratory volume in 1 s showed no signiﬁcant difference. Incidence of postoperative pneumonia was
higher in the 85 years group than in the 75e84 years group (P ¼ 0.006). Time to ﬁrst ﬂatus and
postoperative hospital stay were similar in both groups.
Conclusion: Patients over 85 years old are more likely to suffer postoperative pneumonia after gastrec-
tomy than younger old patients. Preoperative risk assessment is essential for the oldest old patients.
 2013 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Worldwide, the elderly population is increasing at an unprece-
dented rate, and most of this increase is occurring in developed
countries.1,2 According to the World Health Statistics 2011 of the
World Health Organization, the average lifespan has exceeded 80
years in 20 countries. The Japanese have the longest healthy life-
span in the world, at 83 years (men, 80 years; women, 86 years).
According to 2011 population estimates by the Statistics Bureau of
the Ministry of Internal Affairs and Communications of Japan, 4.0
millionwere85 years old, the oldest old,3 representing 3.1% of the
total population; an increase of 2.2 percentage points from 1990.
Both the population and proportion of elderly are predicted to
continue increasing. In the United States, the oldest old are pro-
jected to comprise 5.2% of the total population by 2050.4 Due to the
aging of the population, the oldest old can no longer remain
invisible in the economy, polity and healthcare system, and cancer
among the oldest old has become an increasingly common problem
around the globe.: þ81 269 23 5273.
ada).
ciates Ltd. Published by Elsevier LtGastric cancer is currently the second most common cause of
death from malignant disease in Japan. With the aging of the
population, the number of elderly patients with gastric cancer is
anticipated to increase.5 According to the 2006 report of the Center
for Cancer Control and Information Services (National Cancer
Center, Japan), the percentage of the oldest old gastric cancer pa-
tients increased markedly from 4.3% in 1986 to 10.7% in 2006,
representing a 2.5-fold increase within 20 years.
Elderly patients represent a highly heterogeneous population
with considerable differences in general state of health, and often
showing multiple comorbidities such as cardiovascular disease,
chronic lung disease, and renal impairment.6,7 In particularly, the
oldest old are at high risk of intra- and post-operative complica-
tions due to the high prevalence of comorbidities and decreased
functional reserve. Therefore, surgical treatment for the oldest old
patients thus warrants careful deliberation.
Meanwhile, according to 2009 population estimates, the
average life expectancies of an 85-years-old man and woman are
6.1 years and 8.2 years, respectively. Considering this rather short
life expectancy and the increased risks associated with surgery
among the oldest old patients, whether surgical resection repre-
sents the best care option for these patients has been controversial.d. All rights reserved.
Table 1
Patients characteristics and clinicopathological ﬁndings.
Age group P value
75e84 years 85 years
Age (years) (range) 78  2 (75e84) 86  1 (8590)
Gender (male/female) 85/67 18/6 0.08
BMI (kg/m2) 22.2  2.6 20.1  1.9 0.23
Concurrent illness (n)
Hypertension 80 15 0.37
Cardiovascular disease 36 3 0.22
COPD 24 6 0.25
Diabetes 24 2 0.34
Cerebral disease 29 5 0.84
ASA-PS (n) 0.87
1 32 4
2 80 14
3 38 6
4 2 0
PS (n) 0.14
0 76 5
1 51 18
2 19 1
3 6 0
CCI (n) 0.26
2 80 14
3 39 9
4 20 1
5 10 0
6 2 0
7 1 0
Laboratory ﬁndings
WBC (102/mm3) 56.0  11.0 61.0  10.0 0.90
Lymphocyte (x102/mm3) 14.9  3.2 11.0  2.2 0.0009
Hemoglobin (mg/dl) 12.4  1.5 11.2  2.3 0.038
Serum albumin (mg/dl) 4.1  0.3 3.5  0.5 0.0006
BUN (mg/dl) 15.5  3.2 16.2  2.6 0.71
Cr (mg/dl) 0.8  0.2 0.8  0.1 0.61
Respiratory function
%VC (%) 96.1  12.2 86.2  11.4 0.04
FEV1 (%) 73.2  5.6 70.0  13.1 0.25
Tumor size (mm) 45.0  22.0 54.04  18.0 0.13
Lymph node metastasis (n) 0.70
Absent 95 14
Present 57 10
Stage (n) 0.14
IA 73 8
IB 8 4
IIA 12 0
IIB 14 2
IIIA 14 4
IIIB 13 4
IIIC 18 2
Values are median  MAD.
BMI, body mass index; COPD, chronic obstructive pulmonary disease; ASA-PS,
American society of anesthesiologists physical status; PS, performance status; CCI,
Charlson comorbidity index; %VC, percent vital capacity; FEV1, forced expiratory
volume in 1 s; WBC, white blood cell; BUN, Blood urea nitrogen; Cr, creatinine.
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gastric cancer patients, the overall survival was signiﬁcantly better
in the surgery group than best supportive care group.8
Many retrospective studies9e11 have evaluated gastrectomy in
elderly patients with regard to feasibility and safety. Each study
deﬁned elderly patients as 70e75 years old or thereabouts, but this
represents an extremely common age group among gastric cancer
patients. On the other hand, few studies have discussed patients
over 85 years old.8,12 and those few were conducted several de-
cades ago, when perioperative management (including operative
procedures, instruments and anesthesia) and the clinical features of
the oldest old patients were markedly different.
Management of gastric cancer in the oldest old patients has yet
to be established. The present study investigated the feasibility of
gastrectomy for the oldest old gastric cancer patients according to
early postoperative morbidity.
2. Patients and methods
Between October 1999 and December 2011, of the 520 consecutive patients
with preoperatively diagnosed gastric carcinoma who underwent curative gas-
trectomy in the Department of Surgery, Hokushin general hospital, the 176 pa-
tients (33.8%) aged 75 or older were enrolled into this study. Distal gastrectomy,
proximal gastrectomy, or total gastrectomy was performed according to tumor
location. Extent of lymph node dissection was D1 or D2, as deﬁned by the Japanese
Classiﬁcation of Gastric Carcinoma.13 Patients were categorized retrospectively
into two age groups (75e84 years group; 85 years group). Electrocardiography,
chest radiography, spirometry, and blood analysis were routinely performed for all
patients. Additional assessments (e.g., echocardiography, nuclear cardiology and
coronary angiography) were performed selectively if appropriate physiological
ﬁndings had been identiﬁed during preoperative work-up. The following param-
eters were recorded: patient age and sex; concurrent illness; American Society of
Anesthesiologists physical status (ASA-PS); performance status (PS); Charlson
comorbidity index (CCI); body mass index (BMI); preoperative laboratory ﬁndings
(white blood cell (WBC) count, lymphocyte (Lym) count, hemoglobin (Hb) level,
serum albumin (Alb) level, blood urea nitrogen (BUN) level and creatinine (Cr)
level); tumor characteristics; operative time; estimated blood loss; number of
dissected lymph nodes; postoperative complications; time to ﬁrst ﬂatus; and
postoperative hospital stay. Postoperative complications were deﬁned as either
life-threatening or requiring signiﬁcant deviation from standard management.
These correlate to the Clavien-Dindo classiﬁcation of Grade II and above
complications.14
2.1. Statistical analysis
All values are expressed as median  median absolute deviation, and compar-
isons between groups were made using the c2 test and ManneWhitney U test.
Values of P < 0.05 were considered statistically signiﬁcant. Statistical analysis was
performed using StatView software (Abacus Concepts, Berkeley, CA, USA).
3. Results
Twenty-four patients were assigned to the 85 years group
(median age, 86  1 years), 152 patients were allocated to the 75e
84 years group (median age, 78  2 years). Patient characteristics
and clinicopathological ﬁndings are given in Table 1. No signiﬁcant
differences were noted between the two groups in terms of
comorbidities. ASA-PS, PS and CCI did not differ signiﬁcantly in
between groups. With regard to laboratory ﬁndings, preoperative
lymphocyte count and hemoglobin and serum albumin levels were
signiﬁcantly lower in the 85 years group than in the 80e84 years
group (Lym: 11.0  2.2  102/mm3 vs. 14.9  3.2  102/mm3,
P¼ 0.0009; Hb: 11.2 2.3mg/dl vs.12.41.5mg/dl, P¼ 0.038; Alb:
3.5  0.5 mg/dl vs. 4.1  0.3 mg/dl, P ¼ 0.0006, respectively).
Percent vital capacity (%VC) was signiﬁcantly lower in the 85
years group (86.2  11.4% vs. 96.1  12.2%, P ¼ 0.04). Percentage
forced expiratory volume in 1 s (FEV1) was not signiﬁcantly
different. Pathological examination revealed no signiﬁcant differ-
ences in tumor size, rate of lymph node metastasis, or cancer stage
between groups.Surgical outcomes for all 176 patients are given in Table 2. No
serious intraoperative cardiovascular or pulmonary complications
were encountered. No signiﬁcant differences in operation time,
estimated blood loss or number of lymph nodes retrieved were
seen between groups. Time to ﬁrst ﬂatus and length of post-
operative hospital stay were similar in both groups. Nine patients
died during hospitalization, but no signiﬁcant difference in post-
operative mortality ratewas apparent. One patient in the85 years
group and 6 patients in the 75e84 years group were readmitted to
nursing facilities due to postoperative loss of independence.
Regarding the major postoperative complications, incidence of
pneumonia was signiﬁcantly higher in the 85 years group
(P ¼ 0.006) (Table 3). One patient in the 85 years group and 2
patients in the 75e84 years group died of pneumonia. The inci-
dence of surgical complications did not differ signiﬁcantly between
Table 4
Factors affecting postoperative pneumonia.
Pneumonia (n) Present (9) Absent (167) P value
BMI (kg/m2) 19.5  1.6 22.2  2.6 0.10
ASA-PS 2  0 3  0 0.017
PS 1  1 1  0 0.011
CCI 2  1 3  1 0.04
%VC (%) 70.0  10.2 95.2  11.6 0.07
FEV1 (%) 48.8  6.7 73.0  5.9 0.04
Lymphocyte (102/mm3) 10.5  2.0 14.3  3.4 0.07
Serum albumin (mg/dl) 3.1  0.7 4.0  0.4 0.009
Operative time (min) 269  82 226  52 0.41
Estimated blood loss (ml) 500  238 315  179 0.39
Values are median  MAD.
BMI, body mass index; ASA-PS, American society of anesthesiologists physical sta-
tus; PS, performance status; %VC, percent vital capacity; FEV1, forced expiratory
volume in 1 s.
Table 2
Surgical outcomes and postoperative course.
Age group P value
75e84 years 85 years
Type of operation (n) 0.37
Total gastrectomy 45 9
Proximal gastrectomy 10 0
Distal gastrectomy 97 15
Approach (n)
Open 131 23 0.18
Laparoscopic 21 1
Lymph nodes dissection (n) 0.17
D1 104 13
D2 48 11
Operation time
(min) (range)
234  57 (85e455) 200  34
(116e435)
0.31
Estimated blood loss
(ml) (range)
310  178 (0e2075) 505  353
(62e2770)
0.09
Number of LNs
retrieved (n)
24  9 21  7 0.24
Time to ﬁrst ﬂatus
(days) (range)
4.0  1.0 (2e6) 4.0  0.0 (3e8) 0.26
Postoperative hospital stay
(days) (range)
26.0  8.5 (9e187) 25.5  8.5
(14e151)
0.86
Hospital mortality (n) 7 2 0.44
Readmission another
institution (n)
6 1 0.96
Values are median  MAD.
LN, lymph node.
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four of them died due to this complication.
Relationships of preoperative clinical ﬁndings and operative
outcomes to the incidence of postoperative pneumonia are
shown in Table 4. ASA-PS, PS, CCI, FEV1 and Alb correlated with
the occurrence of postoperative pneumonia. Operative time and
estimated blood loss showed no relationship to postoperative
pneumonia.
4. Discussion
With the aging of the population, gastrectomy has increasingly
been performed for very elderly patients. On the other hand, elderly
patients are more likely to succumb to postoperative complications,
possibly because of preexisting comorbidities or unrecognized
frailty. Some studies of gastric cancer11,15e19 have reported that
postoperative morbidity rates in elderly patients (70e80 years old)
resemble those in younger patients. However, concerning post-
operative respiratory impairment, incidences were higher in elderly
patients than in younger patients.16,20,21 The incidence of post-
operative pneumonia after major non-cardiac surgery is reportedly
higher in patients over 80 years old than in younger patientsTable 3
Postoperative complications.
Age group P value
75e84 years 85 years
Complication (n) (%)
Anastomotic leakage 16 (10.5) 3 (12.5) 0.77
Anastomotic stricture 8 (5.2) 1 (4.2) 0.82
Prolonged ileus 2 (1.3) 2 (8.3) 0.032
Deep wound dehiscence 2 (1.3) 1 (4.1) 0.32
Heart failure 2 (1.3) 1 (4.2) 0.32
Pneumonia 5 (3.3) 4 (16.7) 0.006
Cerebral infarction 2 (1.3) 0 (0.0) 0.57
Urinary tract infection 3 (2.0) 1 (4.2) 0.50
Delirium 8 (5.3) 1 (4.2) 0.82(P ¼ 0.017),20 and patients >80 years old showed an odds ratio of
5.6, compared with patients under 50 years old.22 In this study,
incidence in the 85 years group was higher than that in the 75e84
years group, which have been reported as a high risk age group of
pneumonia in above articles.16,20,21 Physiologically, aging is associ-
ated with a gradual loss of reserve capacity, even in individuals
without obvious underlying comorbidities. Recumbency, decreased
power of the respiratory muscles, suppression of the cough reﬂux,
and postoperative pain would all contribute to the development of
pneumonia in the oldest old (85 years old) patients. Postoperative
pulmonary complications are correlated to substantial mortality and
prolongation of postoperative hospital stay. Long hospitalization
decline the ability to perform activities of daily living (ADL) and
make it difﬁcult for the oldest old patients to return to society, thus
requiring readmission to another hospital or institution. The oldest
old patients are considerably frail and susceptible to the stress of
surgery and thus likely to decompensate after a surgical procedure.
However, the oldest old population is a heterogeneous group and
age-related changes are poorly reﬂected in chronological age. To
minimize the incidence of postoperative complications in the oldest
old patients, preoperative assessment is essential to identify
candidate patients who are likely to tolerate the operation.
The Preoperative Assessment in Elderly Cancer Patients (PACE)
study reported that instrumental ADL and PS offered signiﬁcant
predictors for the occurrence of postoperative complications.23
Arozullah et al. reported that the incidence of postoperative
pneumonia after major non-cardiac surgery in patients with totally
dependent functional status showed an odds ratio of 2.4 compared
with individuals with independent functional status.22 On the
other hand, multivariate analysis has identiﬁed FEV1 as an inde-
pendent predictor of pulmonary complications following esoph-
agectomy.24 A previous caseecontrol study of patients undergoing
abdominal surgery found that abnormal results of lung examina-
tion predicted postoperative pulmonary complications.25 In the
present study, development of postoperative pneumonia was
associated with ASA-PS, PS and FEV1.
Albumin is one of the most important nutritional parameters,
and many studies had suggested that it is a predictor of surgical
morbidity andmortality.26,27 Hypoalbuminemia implies the protein-
energy malnutrition and impaired immunological response.28
Huang et al.29 reported that albumin was signiﬁcant predictors of
postoperative pneumonia and surgical site infections. Incidence
rates of complications after major surgery are markedly higher for
patientswith albumin levels<3.5mg/dl than for patientswith levels
in the normal range.27 In the present study, serum albumin levels of
patients who developed pneumonia were signiﬁcantly lower than
those of patients without pneumonia, and serum albumin levels
were signiﬁcantly lower in the 85 years group than in the 75e84
H. Yamada et al. / International Journal of Surgery 11 (2013) 467e471470
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postoperative pneumonia for the oldest old patients.
A previous study of pulmonary function after gastrectomy
showed that the decrease in forced vital capacity after laparoscopic
distal gastrectomy was less than that after open distal gastrectomy,
due to a reduction in postoperative pain.30 On the other hand,
pneumoperitoneum reportedly causes critical hemodynamic
changes and signiﬁcant respiratory acidosis and hypercarbia,31 and
elderly patients show a high prevalence of cardiovascular disease.16
However, laparoscopic gastrectomy for octogenarians without se-
vere cardiovascular disease can reportedly be safely accom-
plished.32 In this present study, we performed laparoscopic
gastrectomy for 82-year-old patient with severe chronic obstruc-
tive pulmonary disease (FEV1, 23%; %VC, 54%), but no pulmonary
complications were encountered. The reduced impairment of pul-
monary function after laparoscopic gastrectomy may be beneﬁcial
in preventing respiratory complications among elderly patients
with poor respiratory function. If elderly patients do not show se-
vere cardiovascular disease, laparoscopic gastrectomy should be
considered to reduce postoperative pneumonia.
Advances in perioperative management, such as anesthesiology,
intensive care, surgical techniques and devices and individualized
risk deﬁnitions are required for the oldest old cancer patients.
However, postoperative carefully treatments are still essential to
reduce complications for elderly patients. Arozullah et al.22 created
a postoperative pneumonia risk index calculated from preoperative
risk factors, enabling the selection of high-risk patients needing
respiratory care. Wren et al.33 reported that the pneumonia-
prevention program, including ambulation, breathing exercises,
month care and head-of-bed elevation resulted in an 81% decrease
postoperative pneumonias. Such simple nursing intervention pro-
gram is useful for elderly patients care, therefore, education of
surgical ward nursing staff about their role in pneumonia preven-
tion is very important.
Surgery presently maintains a pivotal role in offering long-term
survival for gastric cancer patients, however, some older in-
dividuals who are independent at the beginning of cancer treat-
ment may become temporarily dependent as a result of surgery.
Loss of independence causes reduced quality of life in oldest old
patients. In the present study, 7 patients were unable to return to
society, and were readmitted to another hospital or institution.
Considering their rather short life expectancy and postoperative
complication, the option of canceling surgery may be acceptable for
high-risk elderly patients.
5. Conclusion
This study showed that gastrectomy in oldest old patients is
accompanied more postoperative pneumonia than younger old
patients. Preoperative risk assessment and nourishment manage-
ment are important for the oldest old patients, however, diligent
management and personalized treatment is the only way to pre-
vent postoperative pneumonia. With the changing age distribution,
it is necessary to accumulate more data on outcome of gastrectomy
in oldest old patients in order to provide good clinical care.
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